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REPORT No. 221

MODEL TESTS WITH A SYSTEMATIC SERIES OF 27 WING SECTIONS
AT FULL REYNOLDS NUMBER

By Max M. Munx and Erton W. MiuLzr
SUMMARY
A systematic series of 27 wing sections, characterized by a small travel of the center of
pressure, have been investigated at 20 atmospheres pressure in the variable density wind tunnel
of the National Advisory Committee for Aeronautics.
The results are consistent with each other, and indicate that for such “stable” sections &

small effective camber, a small effective S-shape and & thickness of 8 to 12 per cent lead to
good aerodynamic properties.

PURPOSE OF THE INVESTIGATION

This report contains the results of the investigation of the first systematic series of wing
- sections, 27 all together, made in the variable density wind tunnel of the National Advisory
Committee for Aeronautics at about 20 atmospheres pressure. It was desired to obtain infor-
mation about those aerodynamical properties of the wing sections which can not be computed.

/

These are the drag at several angles of attack, and the two values of the lift coefficient when *

(a) the lift coefficient has its maximum and (3) when the air forces change irregularly, com-

monly known as the “burble point.” Without additional work, there was also obtained & -

check on the aerodynamic properties open to computation, namely, the lift and the momen]t.
PROGRAM OF THE INVESTIGATION

In this first systematic series the measurements were confined to one tank pressure,
about 20 atmospheres. This gives approximately a full size Reynolds number, for the model
scale is about one-tenth, the velocity about one-half of the actual velocity. ?

The investigation was confined to such wing sections as have a very small travel of the ¢enter
of pressure. The rate of the travel of the center of pressure is certainly an aerodynamic; prop-
erty of great practical importance, affecting the usefulness of the section for design purposes;
it is not wise to compare the performance of several wing sections without taking the different
rates of travel of the center of pressure, if any, into account. Within the useful range of the
angle of attack, the wing sections described in this report have their center of pressure'at about
25 per cent of the chord. Their rate of travel of the center of pressure is accordingly small,
and the comparison of their performance is all that remains to be done. Wing sections with
& larger rate of travel of the center of pressure may be taken up in a later research.

ARRANGEMENT OF THE TESTS : : i

The 27 models were made of duralumin and were rectangula,r a.nd not ws.rped The span
is 30 inches, the aspect ratio is 6. The 27 wing sections form a systematic series. The series
begins with three symmetrical sections of different thicknesses, M1, M2, and M3. The curves
are affine—i. e., the three sets of ordinates can be obtained from ea,ch other by multiplying
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each ordinate by a constant. Three more sections are then obtained by adding to each of the
sets of ordinates M1, M2, M3 the set of ordinates of a certain camberline, say “a,” so chosen
that theoretically its center of pressure does not travel. The series is further increased by sub-
stituting double the ordinates, 2a for a; then another camber line “b,” with the same sta-
bility characteristics, and then combinations of the two camber lines. The camber lines “a”
and “b” will be most easily recognized in wing sections M4 and M10. This process of obtaining
the shapes of the wing sections leads to their classification in Table XXVIIL. The ordinates
of the sections are given in Table XXIX in per cent of the chord. Each figure contains a
drawing of the section.

* Fach airfoil was exposed to the air stream of the variable density wind tunnel of the National
Advisory Committee for Aeronautics. It was fastened by thin wires to the balance of this
tunnel. Moreover, & skid rigidly fastened to the airfoil was hinged to a vertical bar, forming
a part of the balance. This bar extends across the air stream in rear of the model; it is shielded
from the air stream and can be moved up and down. When moved thus, the angle of attack
of the airfoil is changed. After the airfoil was put in, the tank was closed and the air pressure
intreased up to about 20 atmospheres. The air forces of the airfoil were then determined
over a range of several angles of attack. The drag of the wires and of other attachments were
determined in a separate test under the Same conditions of flow. The measured drag has
been corrected for this drag of the fastening parts in the usual way.

RESULT OF THE TESTS

The results of the tests are given in Tables I to XXVII and are illustrated in the 27 figures.
The angle of attack always refers to a line fixed with respect to the section as shown in each
diagram. In the tables the air forces are represented by the lift coefficients, the drag coeffi-

cients, and the moment coefficients, The lift and drag coefficients are obtained by dividing

the Lift or drag by the wing area and by the dynamic pressure V? g, where V denotes the velocity

of the air stream and p the mass density of the air. The diagrams are so-called polar curves.
The lift coefficient is plotted vertically up and against it to the right the drag coefficient and
to the left the moment coefficient. This latter refers to the moment of the air forces with respect
to a point of the chord, one quarter chord from the leading edge. This point is chosen because
it gives the least variation of the moment coefficient. The moment is divided by the wing ares,
by the dynamic pressure, and by the length of the chord. The Reynolds number is computed
with the chord as the characteristic length. '

The parabola of the induced drag coefficient for the aspect ratio 6 has been inserted in

each diagram. No correction has been made for the influence of the tunnel walls, which may
be perceptible, as the wing span is half the tunnel throat diameter. This question is not yet
sufficiently cleared up. )
*  In Table XXX a survey of the series and of the results obtained is given. The first column
gives the number of the wing section. The next three columns contain the minimum drag
coefficient, the lift coefficient at the “burble point,” and the maximum lift coefficient, if any.
The last column gives the average moment coefficient, which is always small for the wing sections
considered in this investigation.

DISCUSSION OF THE RESULTS

The main results of this test lie in the presentation of new information about the properties
of the wing sections given in the tables and in the diagrams.
It seems that a small travel of the center of pressure is generally combined with a smaller
maximum lift coefficient. Good sections are in the neighborhood of Ms.
The test charts show that at full size Reynolds Number the minimum drag is much smaller

than we are accustomed to obtain in the ordinary atmospheric wind tunnel. The maximum

lift is not necessarily larger at a larger Reynolds Number.
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) MODEL TESTS 5

One remark concerning the results seems pertinent. As shown by mathematical reasoning
in Technical Report No. 191 of the National Advisory Committee for Aeronautics, the moment
curves in the diagrams should theoretically be straight vertical lines. Most of them have
approximately this shape, but not all of them. The small discrepancies can often be explained
by taking the second approximation of the computations into account. For instance, with
actual sections of a finite thickness, the theoretical leading edge is situated halfway between
the actual one and the center of curvature of the leading edge, giving a shorter effective chord
than the actual one. A very thick section, besides, is slightly more stable than a thin section
of the same mean curve. Quite irregular moment curves can only be explained by sudden
changes of the character of the flow just as at the burble point.

CONCLUSION

_ Looking at the results obtained in the variable density tunnel (including Technical Report
No. 217) from a broader point of view, it is now established that the results obtained at the full
size Reynolds Number do not agree with the results at a diminished Reynolds Number. Further-
more, tests now under way show that the variable density tunnel operated at one atmosphere
gives results with a given wing section similar to the results obtained in other wind tunnels.

We conclude from these facts that the results obtained at full size Reynolds Number will
give better information to the designer than tests run at largely reduced Reynolds Number,
The information from the new tunnel will become more and more useful in the same degree as
more results are obtained from it, so that results of new tests can be compared with results of
similar older tests made under the same conditions.

TABLE I . . o TABLE III
Section No. M1. ’ Model No. 21 Section ﬁo M3, . el No.
Span 30 in. (76 2 cm), Chord 5 in. (12.7 cm). Span 30in, (76 2cm). Chord 5in. (12 7 cm).
Ares (.0868 m . Aspect ratio 6. Area 0.0068 m Aspect ratio
Average tempemture 5° C. . Average pressure 20 atmos,  Average temperature 30.0° C. Average pressure 20.15 atmos,
Average Reynolds No. 3 600,000. Average Reynolds No. 3,670,000 .
Dynamic ! Dynamie '
Angle of Lift Drag Moment Angle of Lift Drag Moment
8 Preasure | soafciant | coefficient | coefficlent attack | Pressure | ooefficient | coefficient | coefficient
degreea kg}m N Ci Co [3/%] degrees X Jm, CL Co Cu
-3.0 650 -0, 208 0. 0093 0. 008 -3.0 660 -0.197 0. 0096 0.015
-15 865 —. 104 . 0075 . 006 -1.5 662 —. 095 . 0082 . 013
0.0 665 —. 008 . 0072 . 005 0.0 . 014 . 0089 . 014
L5 885 120 . 0077 012 L5 862 .128 . 0096 017
3.0 645 .31 . 0108 007 3.0 682 . 236 . 0128 . 021
4.5 867 .41 .0145 L011 4.5 862 L343 . 0162 . 028
6.0 664 ® .458 . 0199 . 008 8.0 86l | . 471 . 0214 . 052
9.0 868 . 6687 . 0344 . 085 9.0 682 | . 675 . 0378 .019
12.0 885 . 782 L1012 -.017 120 662 . 883 . 0591 .018
15.0 661 . 305 . 1962 -. 065 15.0 661 1. 089 L0843 | .014
18.0 660 788 . 2574 —.100 18.0 860 1,059 . 1628 -, 033
21.0 659 742 . 2067 —. 004 2.0 859 . 882 . 3405 —. 081
TABLE II TABLE IV
Section No. M2, Model No. 22 Section No. M4, Model No.
Span 30 in. (76 2 em). Chord 5 in. (12.7 cm). Span 30 1n. (76 2 om). Chord 5 in. (12 7 cm).
Rmf-&e t ture 37.0° C e pressnre 16.95 at Avero semperature 3.0° C. .}ttmrmgeCt e
ve! empera ure 37. . verage pressure 19.95 atmos, Vel Inpers vel ressure 20.0 atmos.
Average Reynolds No. 3,620,000. Ava% Reyg%lds No. 3,680,000. P m
Dymnamie Dynamic
Angleof Lift Drag Moment Angleof| DY Lift D Moment
attack | PreSSure | aoefficient | coefficient | coefficient attack | Dressure | .moiont | coefficlont | coeolent
degrees | .0, G Co Cu degrees |y 8, Ce Co Cu
-3.0 659 —0. 236 0. 0105 0. 010 —45 668 —0.279 0. 0288 0. 005
-15 660 . 125 . 00868 . 003 -3.0 672 ~. 180 . 0148 . 008
0.0 660 - 015 . .0078 .010 —a 5 672 —. 087 . 0075 .01
L5 660 . 0087 . 010 0 72 .25 . 0071 . 015
3.0 657 . 0100 000 .5 872 .138 . 0087 - . 016
4.5 836 .3158 . 0145 015 30 668 U8 . 0108 .021
6.0 858 428 . 0188 . 007 45 [ . 350 . 0141 .022
9.0 654 . . 0337 .018 6.0 669 .472 0199 .03
12.0 853 . 0501 . 018 9.0 668 . 700 Q360 .021
%g.g ggg gg? 1181 —.% 12.0 867 . 905 . 0602 022
. . 2438 - 1 1 . -
21.0 850 835 . 3081 ~. 005 5.0 %6 s 1240 006
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TABLE V
Section No. M5, Mode] No. 25,
Span 30 in. (76 2 cm). Chord 5in. (12.7 ¢em).
0.0068 m Aspect ratio 6.

Avemge temperature 41.5° C.
Average Reynolds No. 3,600,000

Angleot| Dymamic | 1y Dr Moment
attack | PTesSUre | coofoiant | coefficient | coefficlent
degrees kJm’ CL Cp Cu
-1.5 855 —0.108 0. 0078 0.018
0.0 855 . 004 L0073 021
LS 435 17 . 0082 . 020
3.0 856 .21 . 0108 .02t
45 862 . 338 . 0145 . 013
8.0 665 . 452 . 0190 .028
9.0 662 . 681 . 0356 021
120 663 . 888 . 0581 - .018
15.0 663 1.076 . 0884 . 020
18.0 662 1.132 . 1625 -. 020
21,0 656 1.0T7 . 2528 —. 048
TABLE VI .
Bection No. M8. Model No. 28.
Span 30 in. (762cm) Chord 5 in. (12.7 cm).
Aroa 0.0968 m3, Aspect ratio 6.
Average tempamture 38.0° C. Average pressure 20.3 atmos.
Average Reynolds No. 3,660,000.
Dynamic
An leof Lift Drag Moment
trac [ ressure . .oefficient | coefficient | coefficient
dw Xg/m? L Cp Cu
=30 662 -0, 202 © 0.0108 0. 000
-L5 443 - 087 . 0093 011
0.0 663 . 016 . 0080 012
LS 683 .128 . 0007 .04
30 663 .37 L0111 . OLB
45 663 340 . 0147 . 026
8.0 885 . 458 L0212 018
9.0 684 . 885 . 0356 021
120 681 .875 . 0588 . 028
150 863 L073 . 0816 . 033
180 1,222 .1188 . 014
21.0 801 L 169 . 1801 -, 022
TABLE VII
Section No. M7. Model No. 27,

Span 30 in. (70.20m) Chord 5 in. (12.7 cm).
Area 0.0068 m ratio 6,
Average tempemtme 38.0° C. Average pressure 20.0 atmos.
Average Reynolds No. 3,640,000,

Dynamic
Angle of Lilt Drag Moment
attack prme coefficient coeﬂ”lclent coefficient
degrees kJm’ CL Co Cu

-3.0 857 —0.135 0.0872 0.008
-1.5 657 -.051 L0248 007
0.0 659 054 . 0088 018
L5 853 .187 .0101 021
3.0 855 279 L0129 .019
4.5 660 .387 .0161 .019
6.0 850 . 505 0227 024
9.0 658 .738 L0407 .022
12.0 867 .973 . 0854 .018
15.0 858 1.130 .0083 .022
18.0 855 1.13 .1983 —.014
2.0 654 1.011 . 2708 —.088

Average pressure 20.1 atmos.

COMMITTEE FOR AERONAUTICS

TABLE VIII
Section No. M8. Model No. 28.
Span 30 In, (76.2 cm). Chord 5 In, (12.7 cm).
Area 0.0968 m?. Aspect ratio 8.
Average temperature 44.0° C. Average pressure 20.0 atmos.
Averags Reynolds No. 3,450,000.
Dynamic
Angleof Lilt Dra; Moment
attack | PTOSSUT® | poefficient coefficlent | cosfclent
degrees kx}ml Co Cp Cu
-3.0 64 | —0.188 | 0.0100 0.016
0.0 628 .058 .0088 .017
1.5 627 171 .0101 .018
3.0 627 .283 .0133 017
8.0 620 . 505 .0229 017
9.0 629 .729 . 0303 .029
12.0 628 . 040 . 0820 026
15.0 820 1,138 0021 015
18,0 625 1,183 .1589 -.037
21.0 624 1170 L2275 —.085
TABLE IX
Section No. M9,

Model No. 29.
Span 30 in. (76 em). Chord § in. (12.7 cm).
Area 0.0068 m! Aspect ratlo 8.

Average temperatm'e 37.5° C. Average pressure 20.1 atmos.
Average Reynolds No. 3,820,000. pre
Dynamic
Angleof Lift Dr: { Moment
attack | PresSUI® | coeficient | coefficlent | coefficient
degrees kg’m’ v Cp Cx
-3.0 850 —0.248 0.0113 0.008
0.0 850 Q077 .0101 014
3.0 856 <204 L0148 .018
4.5 .14 404 .0183 .015
8.0 655 .5l4 049 038
9.0 [ . 739 .48 ..025
12.0 654 .47 .0848 .0
15.0 653 1.098 .0020 .015
18.0 651 1.137 .1450 -—.004
21.0 643 1.112 2018 —.022
TABLE X

Section No. M10,

Span 30 in. (76 2cm).

Area 0.0068 m!

Average temperature 41.0° C,

Model No. 30.

Chord 5 in. (12.7 cm).
Aspect ratio 6.

Average pressure 20.4 atmos.

Average Reynolds No. 3,630,000,
Angleof| Dymemic | rg Drag | Moment
attagk | PTSSUre | osefficient | coefficient | coefMicient
degrees | 3.0, C. Co Cu
—8.0 654 —0.345 0.0179 —0.007
=30 684 -.132 . 0080 —. (44
-1.6 817 -~. 020 . 0068 —. 034
0.0 867 .089 L0071 —, 006
1.5 665 . 208 . 0094 —. 008
3.0 665 .313 . 0130 —. 010
45 (138 . 451 L0194 —. 002
8.0 662 . 545 . 0241 —. 002
9.0 861 LT . D437 -, 021
12.0 660 . 985 L0728 -—., 008
15.0 659 1. 004 . 1472 . 000
18.0 656 . 962 . 2425 —.012
21.0 650 .07 . 3053 -~. 020
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TABLE XI
Section No, Mii. Model No. 31.
Span 30 in. (76 2 cm). Chord 5 in. (12.7 em).
Ares 0.0968 m?, Aspect ratjo 8.

Average temperature 36.0° C,
Average Reynolds No. 3,860,000.

Average pressure 20.3 atmos.

|
Angleof Dynamlc Lift Drag Moment |.
attack coefficient | coefficient coefﬂcient

degrees kJm' CL ] Cu :
-3.0 717 -0. 120 0. 0091 -~0.018 '
-1L3 T4 -, 018 . 0078 —.019 -
0.0 n7 . 004 . 0089 -.018 ¢
L5 715 . 208 . 0110 - 017 !

3.0 720 .313 037 —. 008
4.5 719 .428 . 0188 -0 |
8.0 719 . 544 L0258 -.012 .
9.0 721 . 762 . 0435 -, 014 '
120 731 . 969 . 0682 -.020

15.0 728 1. 080 1135 —.082
18.0 710 1.028 2150 -, 148
2.0 708 .988 5 - 184
N

TABLE XII
Section No, M12. Modsl No. 32.
Span 30 in. (76 2 cm). Chord §in. (12.7 cm).
Area 0.0068 m! Aspect ratio 8.

Average temperature 34.0° C.
Average Reynolds No. 3,800,000.

Average pressure 19.86 atmos.

Dynamie
Angleof Lift Drag Moment
attack | PToSSUT® | soafficient | coefficient clent
degrees kJml CL Co Cu
-~3.0 708 -0.118 0. 0007 —0.040
-15 708 -, 017 . 0089 —. 005
0.0 706 . 008 . 009t -. 005
L5 708 . 207 .0120 —. 005
3.0 705 .318 . 0156 -, 008
4.5 713 417 L0191 -, 003
6.0 710 . 537 . 0261 +. 003
9.0 708 . 760 . 0441 -, 002
120 708 .M . 0862 . 000
15.0 707 1,155 . 0034 —. 008
18.0 7068 1,293 L1217 -, 025
2.0 708 1,185 . 2203 -, 072
TABLE XIII
Section No. M13. Model No. 33.
Span 30 in. 6.2 em). Chord 5§ ln {12.7 cm).
Area 0.0068 m?. Aspect ratio 6.
Average temperature 40.0° C Average pressure 20.2 atmos,
Average Reynolds No. 3,630,00)
Angleof| Dymamic Lift Drag | Moment
attack | PresSure | ooefficient | coefficient | coefficient
degrees kg’m’ Ce Cp Cu
—-4.56 638 -0.127 0. 0408 —0.043
-3.0 657 —. 000 . 0238 —. 0l
-1.5 681 . 091 . 0118 —. 038
0.0 858 . 200 , 0127 -. 036
L5 661 .34 . 0167 -
3.0 680 .437 . 0214 —. 014
4.5 658 . 549 . 0280 -. 019
6.0 857 . 670 . 0378 -. 023
9.0 857 . 897 . 0602 -—. 021
120 661 1, 104 . -_
15.0 861 1.229 . 1324 -. 033
18.0 660 1.083 . 2500 -, 113
2.0 858 1. 044 . 3210 -. 128

Span30m (762cm)
0.0068 m

TABLE XIV

Section No. M14.

Area 0
Average tempemture 41° C.
Average Reynolds No. 3,800,000

Model No. H4.

Chord 5 ln (12.7 cm).

Aapect ratio 6.

Average temperature 20.3 atmos,

Section No. M186.

Spanﬂ)ln (76.2 om).

A yr-s te: i ture 38° C.
mperature

vaemze Rey%%lds No.3 M0,000

Angleof| Dynemic i D Moment
attack | PresSure | soefficient coeffictent | coefficient
degrees kJm, Ct Cp Cn
—4.5 660 -0.118 0. 0106 0. 040
-3.0 660 -, 004 . 0097 -—. 002
~15 681 . 101 . -. 040
0.0 660 . 217 L0119 —. 135
- L5 082 .332 . 0140 —. 48
30 681 444 . 0200 —. 030
45 458 | . 560 . 0263 -. 030
4.0 856 671 | - L0347 - 027
9.0 654 . 897 . 0575 -, 039
120 854 1. 100 . 0858 —. 051
150 854 . 24 <1241 —~. 034
18.0 852 1244 . 1682 - 073
2.0 651 1 150 . 2850 -. 121
TABLE XV
Section No. M15. Model No. 35.
Span 30 in. (76.2 cm). Chord 5 in. (12.7 cm).
Area 0.0968 m?. Aspect ratlo 8.
Average temperature 38° C. Average pressure 19.95 atmos.
Average Reynolds No. 3,580,000
Angle of| D¥namic | Lift o8 Moment
attack | Pre8¥UT® | csefficient | coefficient | coefficient
degrees n’m, Cy Co Cu
4 -d, 5 840 —0. 108 0. 0101 -0.032
-3.0 635 002 . 0001 -. 032
-15 635 112 . 0108 —. 020
0.0 041 . 227 . 0129 -
L5 648 .339 . 0168 -. 018
3.0 845 .458 .0213 -~. 085
45 644 . 568 . 0283 -—. 020
a0 648 .671 . 0367 -—. 080
9.0 648 . 805 . 0582 -
120 845 1.087 . 0845 -, 019
150 645 L 243 . 1147 -, 084
18.0 851 1 250 . 1697 -
21.0 639 L1170 . —.141
TABLE XVI

Mode] No. 38.

Chord 5 in (12.7 cm).
Aspect ratio 8

Average pressure 20.05 atmos.

Dynamic
Angleof Lift D Moment
azé';ck _Pressure 1| coefficient coffieiont | coefficient
degrees kz?m' Cu Cp Cu
-4, 5 648 -0.187 0.0332 ~0.011
-3.0 651 -, 089 0145 - 035
-1.5 651 .018 . 008D —.010
0.0 650 .135 0004 —.008
1.5 652 AT .0119 -—.003
3.0 853 . 367 .0159 -.013
4.5 658 .478 07 -—.010
6.0 662 507 0205 ~.002
9.0 685 . 830 . 0610 +.002
120 854 1.040 .0787 —.004
15.0 652 1119 .1310 -.017
18.0 648 1.006 L2072 -. 045
2.0 ol 1.040 _.3118 —.088
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TABLE XVII
Section No. M17, Model No. 37,
Span 30 in. (76.2 cm). Chord 5 in. (12.7 cm).
Area 0.0068 Aspect ratlo 8.

Average temperature 37°C.
Average Reynolds No. 3,600,000.

Average pressure 19.93 atmos.

Dyunamic e
Angle of Lift Drag Moment
attack | PreSSur® | .ofcient | coefficient ! coefficient
dell'ee! kg’m' CL Co Cu
-4.5 640 —0.181 0.0307 -0.010
-=3.0 641 —.002 . 0085 —.014
-L5 639 017 . 0002 —.011
0.0 640 .133 .0103 -—.008
1.5 648 J244 .0128 —. 006
3.0 645 . 3680 . 0183 —.001
4.5 644 478 0236 —. 003
6.0 644 .588 . 0300 <+.010
9.0 643 828 . 0405 . 003
12.0 641 1.020 0745 -.019
15.0 640 1.221 .1064 -—.001
18.0 640 1.233 L1783 —. 045
21.0 638 1.230 2513 —. 040
TABLE XVIII
Section No. M18. Model No. 38.
Span 30 in. (76 2 emy). Chord 5 in (12 7 em).
Area 0. Aspect ratio 6.

Avarm tempemtum 45° C.
Average Reynolds No. 3,530,000.

Average pressure 20.08 atmos.

Dynamic
Angleof Lift Drag Moment
| attack | PresSUre | .diient | coeffeient | coeficient
degroes kJm’ [+ Cp | Cu
—4.5 830 -0.175 0.0111 —0.002
-3.0 835 —.088 . 0093 -.015
-L5 833 062 . 0096 -.012
0.0 633 .164 L0117 ~.009
1.5 830 . 282 . 0149 -. 007
3.0 838 .303 .0188 . 000
4.5 838 .82 . 0250 —.084
6.0 645 . 614 .0322 +.003
9.0 440 g:7<] L0542 . 000
12.0 839 1.018 . 0769 -. 005
15.0 438 1,123 1220 -. 007
18,0 838 |18 anr | —loss
2.0 a33 . 104 L2818 -.051
TABLE XIX
Section No. M10. M

8pan 30 in. (76.2 cm).

Apea 0.0968 m!.

Average temperature 43° C.
Average Reynolds No. 3,500,000.

Aspe:

Average pressure 20.2 atmos.

odel No. 39.
Chord 5 in. (12.7 em).
ct ratio 6.

Dynamie | "
Angleof Lif! Dra; Moment
attack | PreSSUM | ooeMolent coeﬂ!ci%nt coefficlent
degrees kJm’ Ct Cp Cn
—4.5 630 -0.115 0.0570 —~0.031
-3.0 638 .030 <0441 +.015
-1.5 642 .13 L0341 —.032
0.0 842 A9 . 0257 —.031
1.5 840 384 . 0189 -. 02
3.0 637 408 . 0240 —.015
43 842 . 508 .0207 -—.021
4.0 839 .719 .0388 -.023
8.0 841 . M8 . 0633 —-.011
12.0 841 1.153 . 0040 —.031
15.0 841 1.258 1302 —.0562
18.0 838 1.1 .1084 -.078
21.0 634 1.137 . 2099 —~.168

TABLE XX
Section No. M20. Model No. 40.
Span 30 in, (76 2 cm). . Chord 5 in. (12.7 cm).
Ares 0.0968 m' . Aspect ratio 6.

Average temperatu.m 51° C. Average pressure 20.0 atmos,

Average Reynolds No. 3,350,000.

Dynamice
Angle of Lift Dr: Moment
attack | PTeSSUre | coodicient | coeficient | coeficient
degrees kg?m' 4/ Cp Cu
—4.5 813 ~0.078 0.0531 —0.037
-3.0 614 +.020 . 0404 —.038
-L5 622 .138 0287 —.038
0.0 818 .252 L0173 —. 035
1.5 622 . 3689 .0175 —.002
3.0 622 .487 .0233 —. 034
4.5 64 502 L0310 <083
8.0 624 713 . 0408 —.030
9.0 818 .48 . 0852 —. 036
12.0 617 1.156 , 0845 —.038
15.0 626 1.311 .1310 —. 068
18.0 626 1.300 . 18834 ~.088
21.0 1.258 . 2488 -.133
TABLE XXI
Section No. M21, Model No.
Span 30 in. (76 2 cm). Chord 5 In. (12 7 cm)
Area 0.0068 m?. Aspect ratio 6.

Average temperature 40° C. Average pressure 20.09 atmos.

~ Average Reynolds No. 3,530,000.

Dyunamie
Angleof Lift Drag Moment
8 pressure | ooefficient | coefficient | coefficiant
degroees kg?m' CL Cp ‘ Cu
—~4.5 632 —0.088 0.0132 -0.029
3.0 632 019 L0115 —.030
-L5 631 .131 L0119 —.029
0.0 633 . 260 L0147 ~.029
1.5 635 . 385 .0180 —-.021
3.0 836 .472 .0233 -—. 020
4.5 635 .589 . 0305 -.019
6.0 634 .607 L0313 —. 021
9.0 633 .913 . 0609 -, 024
12.0 633 1.097 0882 ~.025
15.0 629 1.176 . 1385 —. 049
18.0 824 1.212 .1927 —-.072
21.0 628 1217 . 2376 —.073
TABLE XXII

Section M22
Span 30 in, (762 cm).
0.0968 m'

Avernge tempemture 38° C,
Average Reynolds No. 3,510,000.

Model No. 42.
Chord 5 in, (12.7 cm).
Aspect ratio 8.

Average pressure 19.6 atmos,

Dyunamic
Angleof Lift Drag Moment
attack | PreSSUr® | coefficient | coefficient | coofficient
degrees | . fos i > Cu
—4.5 433 ~0. 184 0.0618 +40. 008
-3.0 637 —. 058 . 0483 -, 013
~1.5 633 . 056 . 0370 —.013
0.0 637 179 L0273 -3 |
1.5 630 208 .0165 —. 006
3.0 635 417 . 0187 —-.001 '
4.5 634 . 520 .0250 -—. 005
8.0 623 L6849 0340 | — 003
9.0 632 .882 .0582 | — 002
12.0 631 1. 080 0008 —.028
15.0 631 1.206 .1368 —. 031
18.0. 630 1.221 . 1901 —. 085
21.0 625 1.183 . 2751 —.103




TAB

Section No. M23,

Span 30 in. (76 2 cm).

Area 0.0068 m!

Average temperature 48° C.

MODEL TESTS

LE XXIII "~

Model No. 43.

Chord 5 in, (12.7 cm).

Aspect ratio 8.

Average pressure 19.84 atmos.

Average Reynolds No. 3,370,000.

Dynamie
Anpgleof Lift Drag Moment
attack | PreSSUre | ooaefficient | coefficient | coefficient
degrees kg’m' {3 Co Cu
—-4.5 611 ~0. 148 0. 0614 —0. 001
=3.0 813 «—. 033 . 0467 —. 007
~15 6817 03 . 0361 ~. 009
0.0 617 .192 . 0206 +. 004
LS 620 . 308 . 0160 . 000
3.0 620 L4285 l0201 | 4004
4.5 - 620 . 531 .0278 +. 017
6.0 811 . 685 . 0355 +. 004
9.0 612 . 880 0373 —. 008
12.0 6807 1. 100 . 0859 —. 004
15.0 810 1.232 L1284 —. 018
18.0 608 1.238 . 1850 —.070
210 608 124 202 | —.080
TABLE XXIV
Section No, M24. Model

Spsn 30 in. (76 2 cm).
Area 0.0068 m?.
Average temperature 40° C.

No.
Chord 5 in. (12 7 em).
Aspect ratlo 6.
Average pressure 20.0 atmos.

Average Reynolds No. 3,500,000.

Average tempemture 35° C.

Average Reynolds No. 3,830,000.

TABLE XXV
Section No. M25, Model No. 45.
Span 30 in, (76 2 cm). Chord § In. (12.7 cm).
Area 0.0068 m! Aspect ratio 6.

Average temperature 35° C.

Average Reynolds No. 3,640,000,

Average pressure 20.0 atmos.

Angle | Dynamic Litt D
Tag Moment
att(gck DresSure | oefficient | coefficient | coefcient
degrees kg/qm ) CL Gp Cn
-4, 5 857 —-0.114 0. 0662 . 005
~3.0 653 —0.008 .0543 —.014
-1.5 852 11 L0470 —.025
0.0 852 . 281 L0424 -.030
1.5 653 . 381 . 0381 —.028.
3.0 653 . 502 . 0364 —.023
4.5 647 . 830 . 0388 -.017
8.0 850 .45 . 0460 —.032
9.0 850 920 0700 —. 045
12.0 645 1,111 L1114 —. 049
15.0 848 1234 . 1468 —. 084
18.0 845 1.232 . 2020 —.078
2.0 845 1.220 . 2485 —.080
TABLE XXYVI
Section No. M28. Mode! No.
Span 30 in. (76 2 em). Chord 5 In. (12 7 cm).
Area 0.0968 m Aspect ratio 6.

° Average tempereture 41° C.
Average Reynolds No. 3,510,000.

Average pressure 20.0 atmos.

Averag® pressure 20.2 atmos.

Angle | Dynamic Lift D
rag Moment
att?fck pressure | soefficient | coefficient | coefficient
degrees kg)lm 3 Cu 4 Cu
4.5 640 -0.011 0.0497 —-0.030
3.0 840 . 081 . 0300 —.038
~-1.5 41 .182 . 0203 -. 04
0.0 840 . 205 .0189 —-.029
1.5 645 . 411 . 0232 —-. 023
3.0 844 .519 . 0285 —.028
4.5 843 .824 . 0358 020
8.0 2 737 0457 —~.019
9.0 2 029 0707 —. 027
12.0 641 1.007 . 1100 —. (42
15,0 640 1.048 . 1508 -—. 044
18.0 837 1.081 L1013 -.079
2.0 831 1.088 . 2380 -.072

49247—251——2

Dynamie : Angle | Dynamlic
Angleof Lift Drag Moment Lift Dra Moment
attack | Pressure | .,efficient | coefficient | coefficient at:;;f:k pressure | o mciont | coefficlont | coefficient
deg kg’m’ G Co Cu degrees kg’m s L Co Cu
—-4.5 641 -0.133 0. 0150 —0.027 —4.5 638 —0.082 0.0684 -0.011
-3.0 040 —.019 . 0128 —-. 021 -3.0 833 .039 . 0671 -.023
-L5 635 087 L0123 —. 001 -1.5 633 159 L0484 —.033
0.0 635 .24 . 0143 —. 014 0.0 632 283 . 0410 -.032
L5 a5 .32 . 0181 -.013 - L5 632 . 402 .02683 —.023
3.0 638 .431 L0221 +. 002 3.0 629 .532 L0204 —.021
4.5 638 513 . 0282 +.035 4.5 632 .634 . 0358 -.026
8.0 837 . 853 . 0367 +.025 6.0 630 L7583 . 0459 -.028
9.0 637" .875 . 0583 —. 04 9.0 630 .976 .0702 —.020
120 36 1.055 . 0868 —.011 12,0 1,133 L1114 —.051
15.0 o 1.128 L1264 —. 038 15.0 628 1,186 .1854 -
18.0 a32 1.133 . 1868 —. 087 18.0 628 1,197 .2012 —.114
21.0 831 1.15% . 2203 —. 084 21.0 627 1,185 . 2488 -. 119
: TABLE XXVII
Section No. M27. Model No. .
Span 30 in. (76 2 cm). Chord 5 in (12 7 em).
Area 0.0968 m! Aspeet ratio 6
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TABLE XXVIII

CLASSIFICATION OF THE SECTIONS

Section C:igllger Thickness || Section C?ﬁ:" Thickness C%gg“ Thickness

M1t Straight M10 b [¢1)]) 1

M2 Straight Mil b I (2b) 11

M3 Straight 111 M12 b TII {2b) III

M4 a M13 a+b {(a+2b) I

M35 a M4 a+b I {24+2b) II

Ms 8 III Mis a+b IIT (a+2b 111

M7 2a_ I Milé (234Db) I 2(a+b) T

M8 28 Mi17 (2a+4D) II 2(a+b) II

Mo 2a III Mi8 (2a+4Db) IIT 2(a+h) 111

TABLE XXIX.
ORDINATES FOR N. A. C. A. AIRFOILS M1 TO M2
[U=Upper camber. L= Lower camber|
Per cent of chord
No. |
0 1.25 | 2% 5.0 7.5 10 15 20 l 25 30 40 ; 50 680 70 80 90 95 100
! B

M1 U ;000 103! 136 1.80] 210 2234 | 2.67 2.88! 3.01] 3.08| 3.056' 285 25 208] 154} 0.91 0.57 ! Q.20
L o0!-103{—1.36 —1.80|-2.10{—2.34 |—2.67 :—2.88 '—3.01 |—3.08 |[—3.05 —2.85 ~2.53 |—2.08 —1.54 | — 91| —.57: - 20
M2 U .00| 1.30| 174 2233 274 305} 3.49 3.78! 3.05| 403 A.ME 3.74) 330! 271 1.99; 115 .60 .20
) L .00 —1.30|~1.74 —2._33 —2.74 |—~3.05|—3.40 {-3.78 [ -3.95 [—4.03 [ —4.00 l—3.74 ~3.30 |~2.71 {—-1.99 118 | —. 60 | —. 20
M3 U] .o0| 18s] 251 339, 400 447] 514 557$ 583 595| 580 550, 48 | 3.06| 28 162 .93 .20
Lt .00 —1.86 |—251 —-339 400 |—447 -5 14 55715183 |—5.95 |—580 '—5.50 |—4.85 |—3.98 |—2.88 |~1.62 [—~ .93 | —. 20
M4 U110 232].288 3.67 431] 483 561 616 651 667! 6.5 6.0/ 524 | 430 3.38| 259 ; 229 2.08
L|L10 .19 o .01 02 .07 .20 .33 .38 .39 .33 .18 .05 .01 21 .7 1.09 | 160
M5 UjL8e{ 32| 303 487{ 563 &R | 714} 177 8157 834 826, 760 68 | 577| 473 3.78; 338 3.13
L 18 .5 .34 .08 .02 .00 .04 o 11 .13 .07 .02 .02 .17 .59 1.33] L89) 250
M6 U .00] 1.97] 281 403| 494 571 | 882} 7.5 801 822 805 7.28| 603 | 458 3.08, 155 .88 .28
L| .00]-1.76[~220|-273 |—3.03 {—3.24 |—3.47 |—3.62 (~3.71 |-3. 79 —3.90 |—3.94 |[-3.82 [-3.48 [-283 |~-LT77 |~1.08, —. 28
M7 U 761 205 277 3.92| 487] 568 68| 7.74) 826| 849 825 7.32] 598 451 313 213 1.87] 1L79
L .7 .00 .04 .32 .85 L9 158 198 223 231§ 208 1.53 .88 .27 .00 .30 LTl 1.32
Ms8 U! .e5! 266] 3.52| 482 58 | 673] 8081 0.00, 9.57 9.82 0.60| 880 7.22| 563} 412 294, 25| 231
Li ‘es| o8| .o1| i3] .37| .e4| 1L0OB| 143 163| L.T2| L55] L05) .51 .10} .04} . 112 Lot
M9 U181 408] 514 676} 803| 9.08]10.69 | 11.74 | 1238 273 ]1251]11. 43| 9.83| 7.98} 611 | 452 3.04| 3.53
LiLsl .44 .15 .00 .05 .16 .42 .63 .75 .80 .66 . 40 .09 .01 L3210 1.25] 203] 3.08
MI0U [ 1.34] 2240 297 ] 3.68| 424 471] 54D | 587 618| 631 825 582} 513 428 3.35| 240 1.92| 1.42
Lil134 .41 .19 .04 .0 .01 .04 .08 11 .12 .09 .03 .01 .09 .27 .58) .79 103
Mt UJ213] 35 424 512 578) 631] 7.11| 766, 7.9 818 810] 7.61 6.83] 58| 473 357 297 230
L2113 .93 .87 .39 .3 . .08 .04 il .02 .07 .21 .46 .87 L43| 1.78] 215
MIZ2U! .00] 203| 288 | 401 480 6.61] 7.30! 7.74| 7.95| 7.8} 7.25| 6.27! 4.98) 3.50 183} 107 .20
L .00 !—165(—214[—-272-3.07 —3.60 |—3.80 |~3.92 [—3.98 |-3.086 '—3.82 |-3.50 |—3.00 |~-3.31 [-1.37 | —.81 | —. 20
MI3 U .84 211 | 276 3.77 4358 8.28) 6.08| T7.43) 7.65| T 51 6.8 | 58| 4551 3.22] 1.87| L2 .60
Li .84 02 .01 .15 .35 .93 121 1.38] L4 L34] 105 .88 .30 07 .00 .05 .16
MI4 U128 280 3.56| 470| 563 7.51| 8.31; 878! 001, 88| 815| 699 556 402| 242 1.62 . 80
LilL2s .81 . 08 .04 .13 .51 T4 .87 .93 .83 .58 .30 .08 .0 .05 .18 .38
MI5 U (241 4.47) 5.44| 6.89 | 804 10.33 1 11,28 | 11.87 | 12,171 1203 ] 1,20 9.86] 8.16 6.29| 433/ 3.35] 2.39
L|24 .78 .42 A3 - .02 .03 .09 17 .03, .00 14 41 LO2) L44] 1M
Nis U| .83 204! 271 381! 4.69 6.5 ! 7.34! 7.82| 803! 7.85] 7.06! 583 448! 314} 198 140 116
L| .83 .0 .04 .25 .51 78 1,24 1591 L80! 1.8 L71] 130 .72 .28 .01 .13 .35 .68
M17U | L16! 272 3.51] 4.75) 574 8.54 770 852 9.14] 0371 9. 237 837! 7.05] 555 4.01; 2.64| 2.06| L57
L|L18 .08 .01 Nz .3 .43 .78 L0686 1.26] 130 115 .80 .38 .07 .02 .33 .68 1.18
MIBU 1220 4251 525, 878 7.9 -, 10.47 | 11.48 | 12,12} 12,42 | 12.26 1 11.33 | 9.82| B8.00| 623 | 4.45]| 3.66| 2.95
L{i22 .56 2% .03 .00 .03 W17 .4 .41 .48 .41 .19 .03 .05 L40 ] LI7) L76) 251
MIOU| .75( 2047 2088 430 539} 639 7.81| 8.88] 9.50| 9.80| 9.54| 850 6.94| 516| 3.37| 1.87! 12¢ .
L}t .7 .03 .2 681 L2 L7y} 254 3.12) 3.48 363} 3.43) 274 1.84 .98 . .02 .10 .33
M2 U | .08 264 3.57] 5.13] 6.32| 7.41] 8.05]10.04 | 10.77 | 11.07 10.81 ) 90.70 804} 6.10] 416} 240 1.66) 1.05
L .08 .00 .03 .39 .82 1.25] L.95] 246 2278 202{ 272, 211} 132 .58 11 .06 .24 .58
M21 U |1.68! 3.89| 504 686 830, 9.50 113311258 | 13.34 | 13.70 | 13. 46| 12.23 | 10.36 817! 5.8 3,70 273 1.92
L|L68 .17 .02 .83 .30 55| 1031 1.42) 186 175) L57 LI .54 12 .03 .41 .81 1.44
M22U 211| 208 445! 5.60] 866 822 0.31] 0.96;10.25 9.94; 875 7.08) 514! 3.38 1.97 | 1.53] 1.32
L .02 .22 .79t 1,380 1.2 284! 3.48| 3.87! 400 3.73| 288 185 .84 .18 .06 .33 .79
M2 U 280] 3.63) 523{ 651 7.60] 9.28|10.44 1115|1148 11.19| 9.95] B, 14| 608 & 09 2.53 1.98| 1.66
L .01 .12 .5 L0 1.4 | 2.30| 2.8 | 3.21| 3.34; 3.08] 2.30; 1.40 .53 .04 17 54 1,12
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TABLE XXIX—Continued

11

Per cent of chord
No.
14 125 | 250 5.0 1.5 15 20 25 30 40 50 60 70 80 90 95 100
M# U|1.5] 3.8 500 692 838 9.66 | 11.50 1203 | 13.72| 14.08 | 13.76 | 12,40 [ 10.39 ] 8.11| 5821 3.85 ) 3.08 | 2.48
L 15 12 .01 .13 .40 720 L3 W77 204 2213 192 133 64 .13 .04 631 L26| 213
M2 U | .67 3.24] 504 6.39| 7.60{ 9.52]10.80 | 11,69 1205  11.68 ' 10.22| 8.16) 585 3.66 19| 131 .93
L| .67 [ 450 1281 215) 291 414 504 554 578 544 296 1.54 .47 . 00 .11 .48
M2 U| .82] 260 371 5.66| 7.11| 8.41|10.47 | 11.96 | 12.80 113,19 ; 12.82| 11.33 | 9.11| 8.68 | 432 235| 1.66( 1.20
L| .82 .02 .25 L04| 168 239 3.54| 4.35| 4.8 504 4.72| 3.73| 244} 119 .22 .02 .26 .72
M2ZIU|L1L32] 3.67| 5.06] 7.23| 9.00(10.47 [ 1272 | 14.28 | 15.24 | 15.60 | 1533 | 13.72 (11.36| B8.65] 503 | 3.5 | 264 | 101
L1122 .4 .05 44! 1.00| 1,55 247} 3.17| 3.57| 3.74! 3.46 1.53 .59 .04 .23 .68 L30
TABLE XXX
AERODYNAMIC PROPERTIES OF THE S8ECTIONS!
Seo- | Minimum | Maximum | Burble Average
\ tion dxaf lift lift moment !
No. | coefficlent | coefficient | coefficient | coefficient
1 0. 0072 0. 008
2 . 0078 . 010
3 . 0082 .018
4 . 0087 .02
5 . 0073 .02
] . 0080 . 025
7 . 0088 032
8 . 0080 .00
9 . 0101 . 020
10 . 0088 -. 010
11 0078 —. 015
12 . 0089 . 000
13 .0118 —. 025
14 . 0008 - 85
15 . 009t —. 025 .
- 16 . 0080 —. 005
17 . 0002 —. 002
18 . 0003 ~. 005
19 0189 -.025
20 L0173 —. 035
21 .0t15 —. 025
2 0165 —. 010
23 016D -, 002
2% 0123 . 000
25 . . 030
26 . 0203 —.030
2 . 0189 —. 030

1 Moments taken about a point at 25 per cent of the chord.

1 The last column gives the average moment coefficient, which ts always small for the wing sectlom considered in this investigation.
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